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sui43L&RY

The behaviour at supercritical Zach numbers of the
ailero~s of a jet-propelled fighter k.asbeen m.ee.suredup
to 0.%6 Mach number. T’heconsiderable amount of aileron
upfloat occurring at tb.eseMach nu~bers was found to be
due to a large loss in pressure recovery on the upper surface
aft of the shock wave which cau~efivery large increases in
the aileron hinge moments. Data obtained from pressure-
distri’oution measurements are yesented to show the very
critical effect of hach nUIIIbCron tb~eaa~nitude of these
hinge mments.

Aileron osci.ll~tions were also encountered, ranging in
severity from a sp~snodic low-amplltuae ‘[buzzMto a motion
so violent the aileron was deforae~. The comparatively mild
buzz should be cmsidered a yelininary warning of the
appearance of the =ore severe and dangerous oscillations.
The flight condition boundary defining the first a~~arance

I

of the buzz is presented in term of Zn.chnuriocr and both
the air->le:~elift coefficient ar-dtti-ee-vcragc section nornal-
force coefficient over tk.eaileron. This fli~ht-test boundary
is in excellent agreement with wind-tunnel tests of a partial-
span full-scale wing with tnc ail~ron fmeg Typical aileron
angle and pressure-distribution records arc also ~mescnted to
illustre.te some of the characteristics of the oscillations.

*
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INTRODUCTION
.
.——.

In the past few years, experience, during high-speed
flight hc.s.ind.icatedserious chenges in the behavi.our of the
eileron control surtaces at speeds above the critical M~ch
numbers of the ~.irfoilsections now in use. Such changes
have been evidenced by large amounts Gf aileron upfloe.tj
indicating large clw.ngesin the niegi~ltudeof the nlr loads and
M.nge moments, and the appearance of aileron oscillations.

.-

In the course ot wing pressure-~istri.iiutj.onmeasurements
~.ndv~rious other tests of a turbojet-propelled fighter examples
of this beha.viour at supercritical Kecb nun:oershave been
encountered several tinms. During the ~l~hest speed dive, i.n
~:hich a Mach number of 0,g66 IyaS rea.ch~d, -the severity of’ the

aileron oscillati~ns increased quite rapidly c,ndthe motion
became so viol~nt that one aileron was deformed. So far as
is knownj this is the only time the more violent and d.a~erous . -
oscillctlon has been encountered in flight.

This report presents a summary of all the data on aileron
behaviour at supercritical hach nurher which have been obtained
incidental to these scheduled tests. >

.

DESCRIPTION OF THE ~IRPLANE AND T= IifSJ7RUi+SNT~210N *

The tests were conducted on the turbojet-propelled
f’ighter..airpl~;neslmwn in the three-view drawing. (See fig. 1,)
Figures 2 and 3 are side-view and plan-form photogr&.phs,
respectively, of the airplane as in~trumented for flight tests.

The dimensions of the wing and aileron are listed in
table I. Table 11 cent?.lnsthe ordinates for the theoretical
wing contour (NACA 651-213’ (a = O.~)), The deviations of the
actual win

f
sections from tho theoretical contour are presented

in figure for e+ch of the four pressure-distribution-orifice
sts.tions.

The aileron control systen of this type of airplane was
unusually rigid a: compared with other yrcsent-day fighter
airplanes end employed a power boost in operating the ailerons.

-.

The ailerons were equipped with pieno-type hinges located on
the upoer surface of the wing end were q_moxi.mately statically

—

and dynamically mass-balEnced but hr.d‘no aerodynamic balance. .
Throughout the test progra~ the aileron c~ble tension was
rigged at >00 pounds at 70 F.

*

.
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Standard NACA instruments were used to record the

aileron angle, normal acceleration f’actor~pressure altitude,
Indicated airspeed, ~nd wing-pressure distribution.

ACCURACY OF RESULTS

The static pressures used in computing the valuedof
Mach number and pressure coef~icient were obtained by
correcting tklestatic pressure at the free-swivelling airspeed
head mounted on the right–wing t~p (fig. 2)fcr position error
as determined from a lowaltitude flight calibration. In
~.dditionj the error inherent in the airspeed head itself due
to compressibility was determined from z calibration imade in
the Axes “16-foot high-speed wind tunnel and corrections were
made. The s.irspeed recorder, altimeter, and all other pres-
sure cells were calibrated at several temperatures to permit
removal of temperature effects fror- the data, The accuracy
of the data is as follows:

The symbols used.throughout the report=e presented in the
appendix.

M.lcrsm Upfloat

The effect of M;ch number on the upf’los.tingangle of the “
ailerons. is shown for various values of airplane lift
coefficient in figure ~. TP.eline curves were obtained from
measurements of the right ~.ileronposition only, during a
series of very high-ppe.ed dives. Subsequent measurements of
the me~.ndeflection of bcth ailerons, indicated in figure 5
by symbols, substantiated the trends of the data obtained
from the right aileron alone.

Since the s.ilcron control systc.mwas quite rigid, the
large upfloating angles obtained indicated that very large
hinge moments were being encountered. The magnitudes of the
hinge moments at zero ~Lileron~,n~~ewere determined by using
the pressure distributions over the aft 25 percent of the

● wing inboard of the ailerons (fig. 1) to carnpute the moment
coefficients abodt the 75-percent-cnord line. These data are

●

presented in figure 6 and show that for zero atleron deflection
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the hinge
numbers.
hinge mome

nome
It 1
nts

ritsbecome extremely large at supercritical
.s further apparent that in this speed range
are a sensitive function of Mach number.

Mach
the

The reason for these large hinge moments is illustrated
by figure 7. Tn this figure q chord-wisepressure distribution
at a subcritical Mach number is contrasted with another at the
snmo airplane life coefficient but at a MMch number considerably
above the critical. In comparison, the supercritical Mach
namber distri’buti.ohshows a very l.arg.eloss in >ressure recovory
aft of the sho’ckwave which is responsible for the increase in
hinge moment; This lar~e loss in press~e recovery is
presumr.bly due to shock induced separation on the upper —
surface,

The effect of’e.ilcron deflecttonon the critical Mach
number of the theoretical airfoil section, calculated by the
method of “reference 1 ~or the ra~e or upfloating s.ngles
encountered, is presented in figure 8. A few experimental
values from tlm flight-test pressure distributions arG included.
k comparison indicstcs Tkc flight—test critical Iie.chnumber to
bc from G.015 to 0,J25 lower than the theoretical.

=ileron Oscillations

s low-amplitude aileron oscillntior-lsnom as ‘lbuzzltwas
encountered several tir.:csduring the flight tests. ThiS buzz
was spasmodic when first encountcre,dbut as the speed increased
bcce..mca sustained oscillation with r.frequency of appr8xirflate1y
28 cycles pcr second and a range of ~~ovement of about 2 .
Typical aileron–angle rooords duringbuzz at various Nach
numbers are reproduced M figure 9. Figure 10(a) is a photograph
of the left aileron taken during the buzz, showing the blurred
image,of the.trail$ng edge. The angle between the converging
images of the upper.edge of the black stripe across the aileron
indicates the small amplitude of the notion.

At a Mach number of about 0.~5 during a high-speed divo
the buzz developod into a much higher amplitude oscillation of
~ufficient violence to cause the’trailing edge of the left
[+,ileronto buckle, Figure 11 is e time history of a portion
of this dim and pull-out showing the re-cordof the right aileron
position. The records indicated tb~t the eileron oscillated
about an up–position, over a range’of about 6° but tkm frequency
could not be determined., The ho.togr~.phof tk left aileron
during the flutter (fig. l.O(b)Y shows the considerable increase
in the angle formed by the images of the edge OT the black
stripe. The double image of the star insignia indicates tho
amount of general buffeting a~companying+t= aileron oscillat~ons~
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Figure 12 is a photogr~ph of the ai.levon taken after the
flight to snow the buckle in the trailing edge caused by the
flutter.

5

& flight-test boundary defining the first ap@arance of
spasmodic buzz in terms of Mach number end airplane lift
coefficient is presented es tb.esolid line in figure 13.
Corresponding values of the “average section normal-force
coefficient of the wing section through the aileron are
spotted on the ccrve ?or convenient referance.

At higher liachnumbers the buzz bocamc a stezdy and
sustained notion, as indicated on fig~;re 13 by the square
symbols, Further increases in F!!chnumber resulted in
transition to the more violent s.nd severe flutter indicated
by the circles. It is probable, however, that the loc~.tion
of this transition can be shifted by ch.nges in tb.eamount of
cable tf3M’iOn Or d.hrOn restr~.ifit. For this reason the
8pecific increment in Mach number iadicateL in figure 13
between the buzz and the more dr.n.gerousoscillation should
not be interpreted as a generally applicable factor of sa~ety.

Figure 14 is a bound~.ry for the first ap.marance of
.sileron oscillations which is expressed ‘interms of the aver-
age section noraal-fore’e coefficient” of the wing seczion
through the aileron r.e.therthan tk+ ?.irplane lift coefficients
The ~light–test bounde.ry falls only 0.G07 kach number below
the datal from tests in the Axes 16-foot high-speed k:iild‘
tunnel of a Dartial.-span installation of an identical ft.iLl-
scale wing with a free aileron. ‘i’hisclose agreement between
tests conducted with high cable tension ?.ndwith no restraint
et all demonstrates the va.lidit;-of using the buzz boundary
as a signc.1of possible de.r.gerousflutter at so~e hi~k.erEkch
number, depending upon the amount of restraint finddmcping in
the aileron control system.

The section critical Mach nu~bers, determined both from
flight tests and from theory, are also presented in figure 14
to show that the buzz actually occurs at ~,nractic~.lly con-
stnnt increment of Kacb. nucber e’cove the section critic~al
Mach number: regardless of the value of the section nornal-
force coefficient or the airplane lift coefficient.

The cause of the aileron oscillc.tions has been determined
from the wind–tunnel tests of the ~]e.rtial-sp.aninstallations
of a full-scale wing. Shadowgraph pictures taken during these

‘~lJnmblished data on file at this laboratory
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tests demonstrate that there i~ a coupling between the aileron
moticn and shock-induced separation originating forw~.rd of the
aileron. In view of this explanation an examination of the
pressure measurements in the region of the aileron, obtained
during tke oscillations, is of interest;

Figures 15 and 16 present pressure dis.tributi,onsboth for
a wing, station over the aileron (station 152) and inboard of
the aileron (station 105.25) durii~gthe buzz at 14= 0.g5@ and
the more violent oscillations or flutter at M= 0.L266,respec-
tively. The pressure-distribution records” for the orifices on
the aileron indicate severe flow separation on the upper surface
of tb.ewing during the violent flutter. During the buzz,
pressures on both tba upper and lower surfaces of the aileron
remained steady, l.srgelydue to the smnll amplitude of the
motion. During the more violent flutter, however, ae noted in
figure 16, the pressures on the lower surface showed the extreme
fluctuations which would be expected with a rapid motion over
s,range of Go. The upper-surface pressures, however, were
quite steady, which is >resumed to j.ntlicetethat tke orgflces
were always in a region of severe flow separation, Two pressure-
cell records from station i~2 which are”typical of all pressuro
records on the aileron are presented in figure 17 and illustrate
this differer.ce in beh.aviour.

Flight-test measurements of the chordwise location of the
shock at the supercriticalliach numbers ‘atwhich’aileron
oscillations occurred (0.gO to 0.86) r,reshown in figure lg
for both the upper and lower surfaces. The location of the
shock WPS defined as the chordwise location at which a sharp
break in the aressure distribution occurred. It is interest-
ing to- note that in this Mach number range the location of the
upper-surface shock -hasstopped moving aft with increasing Mach
number and has become fixc?d;whereas the lower surface shock is
still moving aft. These results indicate the wide variety in
flow conditions under which oscillations of the aileron may occur.

An analysis of the behaviour at supercritical Mach numbers
of the ailerons of a typics.1 turbojet-propelled fighter. has lod
to the following:

1. The considerable loss in pressure recovery on the
upp_~r s:yrfaceaft of the &hock waVe produced large increases
in the aileron air loads and hinge no~ents, resultlng in
large aileron upfloating .sngles. The increases in loading
imposed on the aileron structure and the control system
warrant ecrious consideration in the desl”gnof high-speed
aircraft.
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2. The first appearance Gf aileron Gscillatlons in
flight was este.blisked in term of e boundary defined by the
Mach number and both the airpiane lift coefficient and the
average sectional normal-force coefficient of the wing section
through the aileron. The oscillations alwayfi appeared at a
practically constant increment of Mach number above the
section criticel Mach nmber.

3* The severity of the aileron oscillations increased
rapidly to the highest test Mach number, and the motion
becaue so violent me aileron was defor~ed. Go~d agreement
between buzz boundaries established by flight tests af a
restrained aileron and wind–tunnel tests Gf a free aileron
indicated that the buzz boundary is a useful signal of the
possible appearance cf more viclent an~ dangerous oscillations
at some higher Mach numberj dewndifig on the amount of
restraint and damping in the aileron control system.

Ames Aeronautical Laboratoryj
National AdvisGry Committe3

Hoffett Field, Calif.
.--1
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Harvey H. Wo”wn,
Aeronautical Engineer.
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AZ airplane noraal. acceleration factor (Z/V)

c wing section chord, ft

% section hinge--moiflcntcoefficient — — .-

1.00
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f‘O*75
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1. Heaslet, ii=.A. , and Pai@ee, OtvaY O ‘L : Critical i;ach
Numbers of Thin Airfoil- Sections with Plain Flaps.
NACA .&m No. 6A30 , 1946.
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TABLE I.- BASIC DIMENSIONAL DATA OF THE TEST AIRPLANE.

—.—.
Wing

;2ea —>Sq ft ...........**...*.*.... ...................**237

Sparl, ft .......................,...*.0*O**0**..*.*** ● *38.9

Aspect ratio ● *..● *● .0...● ..*● .● ● *...**..● *..0..● ● ● ..9● 6.39

Taper ratio ....● ..“● ● .*● *● ..........● *..● ....*.** ● .● ● o.361+

Mean aerodynamic chord, in ● ● *● ● ● ● ...● .0.● ..*● *● *● ● ● 8.980.6

Dihedral of trailing edge
of wing, deg .......................................•*~3.83

Incidencal root chord, deg ............................1.00

Geometri~ twist, de~ .........l.~0 washout from root to tip

Root section...........................WACA 651-213 (a=O.5)

Tip secti.on............................WACA 651-213 (a=O.5)

Percentline, straight ..............................*52.0

A~~e~On

Area ai”tof hinge line,
sqft (both sides).. ................................17.1.4

Fixed surface affected by
movable surface, sq ft
(both sides )● *● ● 8a● 9● O** ● 0 ● ● ● . . ● ● . ● ● s ● ● ● .*. ● ● ● * 9** ● ● * 67.1

Span, ft (one side) ..................., . . . . . . . . . . . . ...7.21

Mean aerodynamic chord, ft 9● *e*.9● ● ● ● *● ● ● *.e● .● *● ● s● 91.216

iiinge-line location,
percent chord ................... . . . . . . . . . . . . . . . . . . ...75.0

n-w of aileron ........No aercdjzmmic balance, piano hinge
on uyper surface, power-boost
control systmq apprmdrnately

statically and dynamically
mass-balanced

Travel ................................................4200

Tabs ..............................Trim tab on left aileron-——
lIncidence measured line.
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TABLE II.- ORDINATESOF MACA 651-213 (a = O.5) AIRFOIL
[All stations and ordinatesin pement ehordj

m @Si?xtk;,pe?zet$ckid

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS—-—

Upper Smraee Lower surfade

Station ordinate Station Ordinate

o 0 0
.3$ 1.06 .62 !.92
.62 1.2

6?
. w -1.10

1.10 1. 1.40 -1.35
2.34 2,2$ 2.66
4.en

-1.76

i
.26 5.19 -2.3t$

7.31 .02 7.69 -2.tJ4

2
. go 4.67 10.20 -3.22

1 .s1 5.71 15.19 - .$2

z
1 .s3 6.51 20.17 ? .26
2 .$6 7.12 25.14 :4.59

z
2 .t$g 7.56 30.11 -b.132
3 .92 7.85

?0
Y.og -4.g6

z
9.96 7.gtf .04 - .01
5.01 7.94 44.99 ?

4 .93
- .95

50.07 7.71
z

-4.77
~g.:1 ~.:; 5 .gg -6.47

?
5 .$7
6?

-4.07
65:1 5;s

?
.s6

6 .g7
-3.60

70.13
?

.0
?

-3.06
75.11 .14 7 .$g -2.49
~o.og ~.~~ 7 .91

$?
-1.88

;~ .:$ .94 -1.29
1:33 $ .97

?
-.72

95:01 0.53 ~~o. :! ~.24
100.00 ‘ .

L. E. radius: 1.174. Slope of radius
throughL. E.: o.0/34

EziEE@!!L
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NACA RM No. A7A15 Fig. 9
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Figure 9.- Typioal records of right aileron position during

pull-ups at various Mach numbers showing
oscillations. -
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Fig. 10

.

-.

. (a) During buzz, M= o.~26, CL = 0.01.

mB!E1.._....---- .

(b) During flutter, M = 0.865, CL = o.35

Figure 10.- Photographs of the left aileron
during aileron oscillations.
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gure 11. - Records of right aileron upfloat and oscillations
during dive recovery at Mach number and airplane

lift coefficient shown.
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lTACA FUCNO. A?AM Fig. 12

Figure 12.- Photograph of left aileron taken on ground
after dive recovery showing buckled trailing edge
caused by severe flutter.
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IV.gure 17.- Typical records of pressure orifices on upper
and lower surfaces of aileron at wing station

152 during aileron flutter.
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